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Previous work undsr this contract hed shown that alkyfles coordinate
Jith silver ion in aqueous solution, the solubility method being used to
ectimate the srgentation constants. This work has now been extended by
the isolation of ssveral such coordination complexes in the crystalline
state. Work has also been commenced on the measurement of argentation
constants in aqueous solution by maans ol concentretlon cells.

Complexes of silver salts snalogous to those with the alkynes
have been prepared with several slkenes and with dioxane.

Sevaral metbods of synthdésis of the hitherto unknown di-isopropyl-

scetylene have been ettempted, without success so fere
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The isolstjon of complexes of silver salts with slkvnes.
Introdugtion.

As an accompaniment to a study of the coordination of silver salts
vith alkynes in ajucous solution, va sars studying the reactions of silver
salts with alkymes in ths ebcance of & sslvent medium with 8 view to ob-
taining these complexsa in the pure &%nzisge.

Coordination of the silver ion with the ethylanic double bond is well-
known in equeous solutinn; end several solid complexes of silver salts with
alkenes hava been praparsd (ses Part L.)e To prepsre analogous complexes
of silver ioa with tha acetylenic triple bond it 1s desirable to employ
disubstituted ecetylencs, to avoid complicetions due to the reactivity of
acetylenic hydrogen atoms, No such complexss hsve hitherto been isolated- e
Taufen, Murray end Cleveland (J.A.C.S., 63, 2500 (1941)) reported di-emyl-
acetylens, ethylbutyvlacetylens, end di-ethylacetylene to be insoluble in
aqueous silver nitrate; and on this basis concluded that dialkylacetyl-
enes did not coordinate with the siiver ion, Dorsgasy (Thesis, C.I.T., 1950)
has pointad out thet the visual niethod emplcysd by these workers is in-

adequate for the low solubilities found in these systems.

Experimantal resulis,.

1).__System: 2-butyne - silver parchinrate.

> Tasw om Gemenas o pre=—itv= -~}

Crystalline silver perchlorate reacts reversibly with 2-butyne at

25 to give a voluminous white powder of composition: 3(C,He).AgClO,,
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the reaction being complete within twenty four hours. This formula uas
established by microanalysis of the sclid and by a vapor~pressure study
of the aystem over a range of ralative proportions of tha reactants. The
solubility of silver perchlorate in 2-butyne at 0° 4s less than 0.1/ by
weight, but this is sufficient for the solution to be able to plate with

silver a copper wirs immersed in it»

2). System: 2-penijne - silver nerchlorate.

Silver perchlorate is very solutle in 2-pentyne, and at some concen-
trations a system of two iigquid phases is formed. At 25° the upper phase
contains 10% silver perchlorate (by weicht) and the lower phese 36%£. Ad-
dition of more silver parchloreste to this two-phese system causes the
lower layer to incroase at the expense of the upper, and when the upper
phase has disappesred the remaining jiquid cen dissolve even more than 36%
silver perchlorate. Increase of temperature ceuses the upper phese to
increase at the expense of ths lower. When two liquid phases are present,
the lower phase has m. p. ~0.5° + 0.2°; the upper phase freezes at a con-
siderably lower temperetura. Thsse liquid rhuses were ell more or less
brown in color. The more dexnie of the two liguld phases was more broun
than the othser, bu% on freazing the former colorless crystals separated
and the brown color entered the remeining iiquid phase. The nature of
the solid phase in equilibrium with a seturated solution of silver per=-
chlorate in 2~pantyne was notl investigated since it would bs difficult
to fres it completely from the viscous solution. No lowering of the vagor

rressure of 2-pentyne was detected when up %c 137 of silver perchlorate
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wos dissolved in it. Raoult's law predicts a lowering of 3.2 mm. in such
a solution, and the technique used would have detected a lowering of 0.3
mm. A copper wire immersed in these pentyne solutions became silver
plated. The solutions conteining 35% or mors ciiver merchiorate exploded

“on contact with mercury, after a brief induciion period.

3) System:_3-hexyme - silver perchlorate.

Silver perchlorate is very solutle in 3-hexyme to & syrupy brown
solution, but systems of two liquid phoses were not formed. The saturated
solution contains about 32% silver perchlorete at 27°. On cooling this
solution to -78° white needles ere derosited, but tney redissolve on varm-
ing to 0°. The concentrated solutions explode on contact with mercury

and silver-plats coprer, like the pantyne solutions,

4) System: 2-butyne ~ silver nitrate.

The solubility of silver nitrate in 2-butyne at 24° is about 1l.5%.
On cooling this solutiion to 0° crysials are deposited, btut these have
not yet been axemined. On warring a mixture of silver nitrate with 2-
butyne in a sealad tubs to ¢5° & system ¢ tuo liquid phases is Tormed:
a colorless upper ley:r and a dsrl browa lower layer vhich rapidly de-
posits silver. On cooling, the lower liquid phase forms a mass of

crystals at 44-45%

5) System: 2-pentyna - silvar nitratae.

-— e

On allowing powdered silver nitrate to stend at room temperature

with excess 2-pentyne, this is alowly absorbed to form a mass of small
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crystals, which occupy nearly three timea the volume of the original
silver nitrate. Reproducible analyses were not obtained for thase crys-
tals, but the approximate composition appeared to be 3(AgN0,).2(C,HB).
No crystals were obtained by warming silver nitrate with 2-pentyne and
thon cooling the solution. A small yield of crystala was, nowever,
obtained when this procsdure was rspeated in the rresence of acetone.

These crystals had m., p. 147-148 do

6) System: 3-~hoxyme —~ silver nitraieo

On allcwing silver nitrate to stand with 3+hsxyme at room temperature
for eight wseks, the hexyne is sbsorbed with the formation of a crystsl-
/s
line camplex. This was firs%i obsarved by F. Carter. Anelysis showed
the complex to consict of AgNO,.CgHyoe G. olmkamp found the solubility
of silver nitrate in 3-hexyne at 25°, in the presence of water, to be
very smell. We have found that on hea*iung silver nitrate with 3-hexyne
to 80°, cooling to -~73” arnd then re-weriing to room taemperature, a small
yield of crystels is obtained. A bstter yield of this crystslline com-
plex is obtesined by recrystaliizing zilver nitrate from a mixture of 3--
hexyne with acetona. On heating this comrlex in e melting-point tuba,
liquid wes seen to appesr with the solid e% 46 and to disappear (pre-
sumably volatilizs) at 76° This is interpreted as the compiex dis-
sociating at 457 into its constituents, and this coneclusion is sup-
ported by measurements of vapor pressuras of the complex at different
tempsratures. Plois of log P agsinst 1/t for ths complex and for 3-
hexyne gave straight lines interseciing at about 60° C,, indicaeting

thet at this temperature the complex would have the same vapor pres-
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sure as 3~hexyns, i.e., would dissociate. The velue of 60° for this dis=-
sociation temperaturs is only epproximate es the lines had to te extrapo-

lated above room tempersture (257).

7)__Systems with othaer slkvres,

O e Tey

Silver parchlorate dissolved in 2-beptyne and in 2-methyl-3-hexyne
to brown; viscous liquids similar to the solutions in 3<hexyne. It dis-
solved in 2:2:5-trimethyl-3-haxyne to fuorm two liquid phases, the lower
one red in color. It did not eppear to dissolve in, nor react with, di-
tert.butyl acetylens. It did not dissolve ir molten diphenylacetylene.

Silver nitrate yielded colorless crystals on stending with 2-methyl=
3-hexyne, 2:2-3imethyli-3-hexyn¢, and 2:2:5-trimethyl--3-hexyne, similar in
appearance to those obtained with 3-hexyne. No crystals were obtained

from silver niirate with 2-hepiynes

8) Systems with other silver salis.

Silver chloride, sulphats and acetste did not dissolve in, or react
with, 2-butyne. Silver benzoats did r.ot dissolve in molten diphenyl-

acatylenc.

Discu

0]

3: 22 of regsults.

The cryttalline complexss of alikynes with silver nitrate that have
. been isolated resemble those of tha alkenes in their genersl properties.

Tﬁey ara colorless, mostiy have definite meliing points, and readily dis-

sccia e into their coustituents.
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The complex of silver perchlorate with 2-butyne is unususl in that
thke coordination number of the silver ion is three. Thie is interpreted
as erising from the rigid, :od-like structure ci the 2--butyne molecuie
which would favor hexagonal « ‘packing in the crystal and thus iniro-
duce a factor of three into the cembining rstio-

A surprising feature is the great difference between the solubilities
of silver perchlorate in 2-butyne ( < 0.1%) and in 2-pentyne ( > 36%).
This may arise simfply bscause 2-butjna, being @ symmetrical, linear mole-
cule, forms & non-polsr solveni wherses 2-pentyne does note.

The question as to whether or not the concentrated solutions of
silver perchlorate in 2-pentyne, 3-hexynre; 2--heptyne and trimethyl-3-
hexyne are to be regerded as "liquid complexes" or &s containing "com-
plexes" ié regarded as scademic at this stege. Undoubtedly, strong in-
teraction between the silver ions and the triple-~bonds is responsible
for the high solunilities encountered. The question as tc waeiher or
not true complexes exist in these solutions is, however, analogous to
the classicsl problem of determining hydration numbers of ions in aqueous
solution: in this field there have been resrly as many different ra-
sults as there have bssn methcds of investipetion. Tha liquid complexes
of silvsr nitrets with propylene and with 1-Ytuiene, described by A. W,
Frencls, eppesr to ba differert from the solutions obtained in the pres-
ent work (with the possible exception of the warm solution of silver ni-
trate in 2-butyne) since they were insoluble in excess of the alkene

and had definite dissociation temperaturess.
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PAFT 2
Argentation Copstants of Alkyngs by Means of Concgntration Cells:

gelectiroda develorment.

In order to obtairn equilibrium constants which were undistorted by
the presence of a carbon tetrachloride phase, es in the distribution
method of S. Dorsey (Thisis, C.I.T.), and at alkyne concsnirations which
were not saturation, the method of concentration celis was studied. The
utility of the mathod is strongly dependent upon the sensitivity ard re-
producibility of the electrodes used. Aside from these considerations
the practical electrode for this purpose would be the simple silver=
silver ion electrode. However, this electrode is rarely used since it
is sensitive to the presence of oxygen and since reproducibility in

electroplating is infrequent.

Preparation.

F. H. McDougall (J.F.C.C.y 51, 1347 (1947)) described the prega-
ration of a simple silver-silver ion electrode which was believed
would be suitable for our rurpose. This method, only slightly altered,
produces out of seven electrodes mede, four vhose potentisls are within
thirty microvolts of one anothar. The present method consists of mold=-
ing moist silver oxide around a platinum wire (.010 in.) helix 3 mm.
in diemeter and 8 mm. long. The pletinum wire mskss contact with mer-
cury through the end of & pyrex tubes The molst silver oxide is de;
cemposed to porous silver in a stream of nitrogen (H.P.D.. LINDE CO.)

at a temperature of 430° + 15%. The electrodes are elso cooled in &
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stresm of nitrogene Electrodes when firet prepered are lustrous white;
however, when left unprotacied for an hour, they become dull grey and

develop poteniial differences.

Storags

‘' Newly preparad electrodes can be stored without detericration
in a vessel evecuatad by macrs of a mercury diffusion pump in conjunction
with a two stags rotary pump.

Electrodes which have been used cen be stored, after washing, in
conductivity water at & reduced nitrogen pressure, Before actual use the
electrodr3 sre carefully dried with & filter peper, mercury is added,
and 8ll glass that would be exposcd outside tlhe cell is covered with

loose fitting opaque tubing.,
Restoration

Elactrodas differing by a”amall potential, e.g., 190 microvolts,
cen somaeiimes bs completoly restored by an eiectrolytic purification;
namely the one that F. H. McDcugall used. A method that is more effective
for grester potentisli difierences usss hot concentrated nitric acid to
dissolve the exposed gray silver. Solution of too much of the porous
silver reduces the stebility of the electrode; hence the latfer method
requires cauticn. Tha electrodes need cereful washing after these
processes to prevent contemination of the cell and storage vessel con-
tents. Successful restoration of used electrcdes by usz of the furnace

has not baen achieveds
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Attempted Synthgsis of 2,5-Dimethyl-3-hexyne, (Diisorropylacetyleng).

To complete the series of di-aubstituted 3-alkynes studieg in
regaid to their coordinetion reactions, it was necessary to sttempt
the synthesis of 2;5-dimethyl-3-hexynes Since the classic methods of
alkyne synthesis, i.e., rsaction of isipropyl halides with sodio=-
alkynides and with scetylenic Grignard resgents, had failed due to de-
hydrohalogenation of the halide in the first case, and non-reactivity
in the case of the Grignacd synthesis, recourse to indirect methods
was necsssarye.

The following procedures were adopted, and the work to this
date was carried out along these linss except when it becume- esppsrent

that the methods were valueless,
Synthetic Procedures

l._From iscbutyroin througi: conversion to the dikydrazone, followed

by destructive oxidaetion of this to the elkyne using yellow mercuric
oxides. based on the gensral method of A. T. Blomquist, R. E. Burge Jre.
and A. C. Suscay; (J. An. Chem. So3., T4, 3637 (1952)). Since iso-
butyroin was thought to be mora reactive then sebacoin used by the above
authors, the intermediate steps were modified using procedures thast had
been appiled to compourds similar to isobutyroine.

a. Conversicn cf iscbutyroin directly to isobutyryl 'dihydrazone by
a modification of the method of A. Basse and H. Klinger; (Ber. 31, 1218

(1898))s Hydrazine hydrate was used in place of phenylhydrazine, end

sodium acetate was omitted.
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CH, CH,

| H ! N H,*H,0 vhite crystalline solid
HC ~-C ~-C-CH S g e Doy 78.3-79.0°C,

J T "~ffa§§S;f éq’gggz Found N, 19.54%

CHy OH O Ck, et 0°C. - Celc'd. H, 32.91%

The msthod was sbandoned due to incorrect nitrogen contente.
be Oxidetion cf isobutyroin to di-isobutyryl by the method of

M. Fileti and G. Ponzic; {Journ. fur prek. Chemie [2], 51, 502 (1895)).

CH, CH, - CHy CH,
' H I conc. LNO, ] '
BC -C -C-CH 2 HC -C-C-CH
) fooo vars ' | IO LI

Hy OH O CH, CHy O O CH,

A very low yield was obtained.
c. Oxidatlon of isobutyroin to di-isobutyryl according to H. Block,

et al. (Helv. Chim. Acta, 28, 741; 1410 (2945)): 367 yield obtained.

- CcH CH,
CHy 'y e Cu(04c), [ !
Bl =C = 008 =—remeaeiooS HE = =0 -0CH
i

! n s l

g : oy
CH3 OH 0 CH3 50,0 CI{BCOOH

Ci, O O CH,

d. Formation of the monohydrazone of di-isobutyryl by the method

due to O. Diels and K. Flaumer, (Ber., 49, 226 (1915).

CH, CH, CH, CH,
' i HH, *H,y0 [ |
HC -C-CwecH > HC =C =G - CH
| KR L - 20°C, | ool !

CHy, O O CH, CH, O N-NH, CH,
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The liquid diketone vas transformed almost completely to yellow=
white crystals Ly this trestmen%; howaever, attempied recrystellization
from 60-70° ligroin resulted in essentially complete hydroclysis of the
white so0lid to the yellow dizetaenas» Thisz msihod was tsrporarily dbendcansd
due to the above fact snd a lsck of steriing materiale. Further work
on this methcd, vnder more careful conditions, ray well prove of value

in the finsl synthesis.

2.,  From 2-Chloro-2,5-dimethvl-3-kexyie, by reduction with magnesium:

CH, CH, cy, CH,

' ) ! \
HO =C=C=0=CH =m-zctBomemd  HS =G =G~ C - CH
| ! ’ { |

CH, c1 CH, MgCl
CH, Cil, CH, CH,

\ ¢ dz1l. HCl ' I

HC -C=€-C - Cl, e e e e HC --C=0C - CH

{ ' i |

This reaction was attempted on e senimicro scele using s sample of
the crude sgtarting msterlals prepared by G. K. Helmkamp. A solid ad-
dition product serarated; and on hycrolysis of this & vigorous reaction,
typical cf Grignard resgents, tock places

To further investigate this reaction, the cynthesis of 2-chloro-2,5-
dimethyl-3~hexyne was atterpted by the procedure due to G. F. Hennion
and T. F. Banningan Jre, (J. 4m. Cham. Scc., 68, 1202-4 (1946)), ucing
3-methyl-~1.-butyne as starting material, This feiled, apparently due to

the rearrangement of the 3-methyl-l~butyne to 3-methyl-l,2-butadiene dur-
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ing storege in a sesled ampoule.' It was felt that the complete syn-
thesis of 3¢methyl-l-butyne from isocamyl slcohol, in order to continue

this line of attack, woas not warranted.,

3e_From 2;5~Dichloro~2,5-dinetnrl--2--hexyng, by reduction with magnesiwn,

lithium eluvminum hydride or buirl lithium. This procedure required the

synthesis of 2,5-dimethyl~2-hexyne-2,5-dioly which was prepered afier

-t

C,H,MgBr
HC = CH - > Bripl = Clighr
CH, CH,
(CH, ),0=0 fd11. HC1) \ [
BrMgls = CMgBr - > 5 HC-C -C=C=-C -CH
\ l
OH OH

The above euthor also prepared %the dichloro compound by treatment
of the diol with hydrogen chloride et 0°C, but dus to the question of
isomerization to the corresponding 2,5-dimethyl:-3;4-dichlicro-2,4~hexa=
diene under trese ccnditions, the present work is directad towards
prepaving the dichlorosllgme by treseting the diol with tiionyl chloride

under appropriate conditionse.

4-  From BrMeC = CMghv, by raeectiion with isopronyl-p~toluene sulfonatee.
This procedvre was based on the work of H. Gilmen and N. J. Beaber, (J.
Am. Chem. Sog., 45, 839~42 (1923)), who reacted verious sulfonate esters
with various Grignard reagentse.

Isopropyl-p-toluensulfonete wus preparsd according to R. S. Tipson,

M. 4. Clapp and L. H. Cretcher, (Journ. Org. Chem., 12, 1337 (1947)):



CH CH

; 3 —— sat i 3 /—-\
HCOE + c:usoz\ Pac . Lo :-zcl:o.uoz-\—_ />—CH3
| ¥/4

O, ' CH,

The finsel step in this synihesis has not yst been attempted,
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PAFT 4,

Complexes of cyclchexene: &-pinens, and _noninene, with

gllver perchlors’sg.

- ah e e e e

Many couplexss of silver ioa wiiih vnseturatad cerbon compounds have
been studied in acuecus solunicn by luces and his co-vorlers, and by
Endrews and Keaefepr; but comparativsly feu such complexes have been
isolzted. The complex of silver prerchlorate with benzene is well known
and has been the subjact of a recent X-rsy crysisllographic study (R. E.
Rundle end J. H. Gordng,. J.A4.C.S., 72, 2327 (1%50)). S. Vinstein and
H. J. Lucas (J.4.C.S., 60, 835 (1935)) isclcted solid complexes of silver
nitrate end psrchlorete with éicyclopentadiene; asnd recsntly Salomon
(in "Cationic Polyuerizetlon and Relciad Complexes," edited by F. He
Pdasch, Heffer, Camtridga, 1953, p. 62) hes raported the melting points
end compositions of crystalline complexes of silver nitrate with a number
of conjugated diencs and wiin cyclohexene. The crystalline complexes
of cyclodctatetreens, and its cderivetivaes, with silver nitrate have becn
used fer purifying these compounds (iI. Rerpe, 0. Schlichiung, K. Klager
erd T. Toapal, Ann., 562, 1 (1948); A. C. Ccre ard F. A. Hochstein, J.
Amer. Chem. Sce., 77, 2515 (19%0)); erd the cis end trens isomers of cy-
chlodctena have beca serarated, utilizing their differences in solubility
in aqueous silver nitrate (4. C. Cope, R. 4. Pike, and C. F. Spencer, J.
Amer. Chem. Soc., 75, 3212 (1953)). Salomon (loc. cit.) p. 62)) has re-
ferred to wrpublished work on tiie purification of dirrsne via its complex

with silver nitrate. MA. W. Frencis (J, &mer. Chem. Soc., 73, 3709 (1951))
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treated prcpylene and l-butens with silver nitrate, and éftained lig-
uid complzaxes of veriable composition and unusual properties,

Tha objiect of the prosent work wasd to obtain & crysialline al-
kene-silver salt complex that woeuld ve guiteble for an X~ray crystsl-
lograrphic examination, with a vieu %o deteruining tho geometry of the
gilver~carbon bonds. This led, incidevially, %o & new method of sapa-
rating . mixtures of a-pinene wlth nopingne cnd to the iscolation, for
ths first time, of a crystalliing derivative of ncpinene from which no-

plnene mey readily bo regenarcied.

.Cyclchexene rescts et rcom temperature with anhydrous silver per-
chlorate to produce a voluuinous white powdar of composition: 2(CgqH;p)e
AgCl0,. The samﬁ\?omplex nay be praepared in the form of large erystals
by cdissclving silver perchlsrats in & warn mixture of equal volumes of
acetona and cycichexsna, snd sliwly conling to roou temperstures Both
a=plnsne and nopinens react with silver parchicrate in a similar man-
nery yleiding complaxes of compsosition: 2(C|0H16)°A60104; and crystal-
ling complexes of the seme cemposition may be prepared by recrystall;zing
silver perchlorets from the weim plrengs. Yimse comclexsed hava definite
melving--pointa, and ths pinenzs may bz recovered by treatmsnt with water.
The reacticn with silver perchlorate affords s cconvanient metnod of
sgparating mixtures of the %two pinenes, since ncpinana reacts in seversl
minutes waereas c-pilnena requires several hours for reaction, In one
experiment, & mixture of equal massas of the two pinenas was treated

with sufficient silver perchiorate to combire with only ona, the mixture
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allowed to stsnd for two days, end the liguid phase than sepsrated from
the solic by high~vacuun dintillation (vinenas volstilize from their sil-
ver perchlorats comploxas very sloyiy under thoso conditicns). The pi-
nene mixture obtained {ram the liqvid phnse (47%) concisted of 85% G-
pinene and 157 ncpining; thai froum whe solid vhsse, eftsr wetar-trestment

(39%), consicwed of 8S% ropinens and 117 « pinsnae.

Dissuscion of resulis.

A 4
- ——

The crystalline comuv’ex of cyclohiexene wlth silver perchlorate is
of a simllar couposition to that with silver nitrate reported by Slomon
(loc. cit.) but is more conveniant for X-ray exemination since it melts
ey 136°, uwhereas the silver rnitraie complex malis at room tempersturee.

The crystallins complexes of the pinenes with silver perchlorats
are of importance owing to the pauciiy of crystalline .derivatives. formed
by such caompoundse. The only rerortsd crystsllire derivatives of noplnens .
arg ‘the oridstiom vroduct ropiniz scidy and the addition compound with .
carbon tetrachlerids (G. Duponts G. Glawre=% aud R. Dulon, Bull. soc..chims.
Frarce,. 1950, 1C%%): fram ncitrer of these is ncpinene readily recoverabls.
Several metiods of separating mixtvrss of a-pinene with nopinana_are known
but the method describad above promisas Lo ba ilhe simplest, on the lab-
cratory scale at lsasts TIractional distilletion gives high yields of tha
seperated products (D. M. Oldroyd and L. A. Goldblatt, Ind. Eng. Chem.
Anal., 18, 761 (1946)) hut requirecs a highly efficient column with very
slow take-off: Oldroyd and Goldblatt (los. ¢it.) operated a Podbialniak

column for one week in order to separate 500 g, of & mixture of equal
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parts of a-pinene and nopirene into fractions of 99.5% puritiy with only
8 52 g. intermadlate fracticn. G. Austerwzil (Chem. Zig., 50, 5 (1925))
nhes describad a method for thls separation utilizing the éifferent solu-
bilitles of the two pinenas in aqueous sthenol, but this msthod is use-
ful only for large-scsle work ond has probebly beer supeéceded industri=

8lily by high-efficiency fractionastion.

. Experdimentsal Detalls

Materisls. - Silver perchlorate (enhydrous) was used as purchased from
G. F. Smith and Co.; cyclohexens had been prepared by Dr. N. Koenig, and
had (n)2g 1.4441. The pinenes were semples of better than 99.9% purity,
gspecially prepared by the Glidden Chemical Co., &8nd were stored before
use under vacuum in sealed ampoules: o-pinene had (n)gg 1.4631, (u’fg

2
25,6° in dm. tube; nopinene had (n) g 1.4765, (a?ag ~18.2° in dm. tube.

Analyses. - Silver determinations on the cyclohexens complexes and on
the amorphous o~pinene complex were by conventional thiocyenate ti~

tration in the presence of the hydrocarbon: other anslyses were by Dr.

.A [ Elek.

Preparation of cyelohexere-cilver rerchlorcte ccmplex. = Excess cyclo-
hexene (12 ml.) wes added to crystalling silver perchlorate (2.63 g.):
a rapld exothermic reaction occurred and the perchlorate was converted to

a voluminous white powder which was then filtered off; yield, 4.26 g.

Anal. - C, 38.9%; H, 5.53; Ag, 28.97, 28.93; Cl, 9.77%.

2(CeHq0)"45C10, recuires: C, 38.79; H, 5.42; Ag, 29.04; Cl, 9.56%.
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Crystellimetion of cvelohexens-silver perchlorate complex. - Silver

perchlcrate (4.05 g.) wes dissolved in a wsrm rixture of cyclohexere

(5 m1.) with acetorna {5 ml.), and the solution cooled in ice. The com=
plex crystallizad ocut in ths form of rectsnguler piatas, which were
filtered off; yisld, 5.02 ge.

Anal., - G, 37.97; H, 5.41; Ag, 29.00, 28.93; Cl, 9.66%.

Recovery cf crclohexeng from silvar purchlorsta complaxe. = The pow~

dered complex (3.64 g.) was treeted with water (15 ml.) and shaken
until all the solid had dissolved. The upper ligquid layer thus formed
(1.6 m1.) was dried overnight with sodium and thsn distilled under
vacuum; yield, 1.21 g. of liquid having (n)zg 1.4438. This represents
a 75% recovery of cyclchexzne. Ths lower sjueous loyer yielded only

a trace of a second liquid phese when tra:ted with excass emmonium

hydroxideo,

Preparstion cf @:pinene comolex. = Silver perchlerate was left to

stand with a-pinene at room tempersture for sevcral hours. The
solid swalled considerably; filtration yielded a white powder.
Anal. - Ag, 22.4, 22.6%. 2(Cyoll;¢)-4gC010; requires 22.5% Ag.
For the preparation of the crystalline complex, silver parchlor-
ate (ca. G.2 g») was left vith a-pinene (10 ml,) =t room tempsreture
for thres hours and tis mixture then wermed to dissolve the com-
plex, Coocling o room terpersture yielded 0.1 ge of small crys-
tals; m. p. 75-769: on further neating, the molten complex blackened
suddonly .ot 125° On hesting in a test-tubg the complsx exploded mildly.
Anal. - C, 50.36; H, 6.72; Ag, 22.64; Cl, 7.26 %

2(Cy0l16):48C10, requires: C, 50.03; H, 6.67; Ag, 22.50; C1, 7.39%,
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Preparation of nopineng_complex. Silver perchlorate reactei rapicdly

with nopinene at room tempcrature, the mixture becoming werm and much
white rowder being prcduced. The cryst “iine complex was praonared by
leaving silver perchlorcte (gca. 0.4 g.) to stand with novinene (10 ml.)
for five minutes, heating to dissolve the complex so formed., and coc.i-
ing to room temperature: Yield, 0.4 g. crystels.; m.p. 108-109° Like
the complex with c-p2nene, the molten ccmpler 'lackered suddenly st
about 1259, and exploded mildly on heating in 2 testi-~tube.

Anal. ©C, 49.00; H, 6.50; Ag, 22.40; Cl, 7.21%.

The separation of nopinens from o-pineng. Campositions of pinsene

mixtures were determined by measurements of opticel rotations and re-

fractive indices. The ortlcal rotation method was first used by Darmois

(These, Paris, 1910); and refined by R. E. Fuguits, W. D. Stallcup and

J. E. Haukins (J. Amer. Chem. Soce, 64s; 2978 (1942)), who found only

small deviastions from Blot's law. A calibration curve was constructed

for the refractive indices of mixtures of the two pinenes, the deviation
& maxiium at equimolar concentratioazs,

from linearitw/corresponding with a cohcentration difference of 2%;

the equation given by Fuguitt et al. (loc. cit) rredicts a deviation

of 4%.

The starting mixture contzined 49.7% a-pinene and 50.3% no-
pinene by weight: it had (n)2% 1.4695; (a)zg'+3.8°. Silver per=
chlorate (16.02 g.) was treaied with 41.89 g. of this mixture, amd
left to stand et 209 for 43 hourse The licuid phase was removed from
the mixture by short-path, high-vceuum distillatlon into & tube ccoled
by liquid air, the reaction vesssl being maintained at room temperatura.

This method of separsting the rhases vas [found to give better results
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than filtration, owirng to the difficulty ¢€* (comlletsly removing
trecea of ligquid from thc solid phase by suciw .,

The discillate conteined traces of wigemr, probsbly present
originally in the silver perchlorate, It wee: dr iedd over potassium
carbonate and redisiilled in tho seme eppir-cior, yielding 19.7 g
of clear liquid havirg: (n)zg 1.4652; (aft3-519.2°. Thesa constants
cerrespond with those of a mixture coniairimy 857 c-pinene and 15%
nopineneo

The s0lid phase wss shaken with wa'esr {200 ml.) until all the
solid had dissolved, and the uppsr laysr (21 ixl.) seperated.

It was dried over potassiun carbonats enc chis®il.led in the vecuum
apperatus: yield, 16.3 g. of clear liquid k-wimg (n)zg 147495
(a)zg =13.8° Thesg constants correspond wiith hose of a mixture

containing 89% nopinene and 117 a-pinenas
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FAET 5

The Systam: Silvex Parcaleratg - Dioxene

Few complexes in which the silver ion is coordinsted with an
oxygen atom have been isclated (N. V. Sicgwick, "The Chemical ele-
ments and their Compounds," 0.U.Po, Oxford, 1950, 141). J. A.
Skarulis and J. E. Ricci (J. Am. Chem. Soc., 63, 3429 (1941)) ob=
teained evidence for the formaztion of a solid complex between silver
nitrate and dioxene, to which the formula B(AgNCB)uC4H802 was ten-
tatively assigned on the besis of silver determinations. G. Salo-
mon (Rece trav. chim., 68, 905 (1949)) obsarved that silver per-
chlorate was insoluble in dioxane and deduced from this that no
camplex was formeds In the complexes of silver nitrate with py-
rone (R. Willst¥ter and F. Pummerer, Ber. deut. chem. Ges., 37,
3747, (1904)), with phenol (C. R. Bsiley, J. Chem. Soc., 1930,
1534), and with cyclotctatetraenyl phenyl ketone (A. C. Cope
sand D. J. Marshall, J. Am. Chem. Soc., 75, 3208 (1953)) it is not
known whether the silver ions are atiached t¢ the oxygsn atoms
or to other paris of the molsculies, since sinmilar compounds not
containing oxyren also form silver complen:sa

We have found that slthough silver perchlorete is insoluble
in dioxane it reacts slowly with diorane to produce s voluminous
white powdsr of cumposition 3(048802).AgC104, which occuries
about six timas the volume of the original silver perchlorates.
The resctlion between the well-dried resctants at 25°¢ is very

slows 1t is accelerstsd by tracas of waver (with 0.5% vater, re-
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action complete within five days) and by hest. The conversion
of silver perchlorate, in the rresence of excess molst dioxane,
to this complex is quantitetive (997); end diosane may quenti-
tetively (972) be removed from the complex by hizhn-vacuum dis-
tillation. The sesme complex may be produced in the form of large
crystels by dissolving silver percalorats in a wern mixture of
equal volumes of dioxene and acetongy and cooling to room tam-
pereture. On heating the crystalline complex it does not melt,
but slowly evolves dioxang enc is ccuverted 4o 8 powdery solid at
sbout 120° Further hecting csuses this solid to shrink end finelly
to melt to & bubbling brown liquid ebove 4C0°, On heating in a
flame, ths complex burns quietly with occasioral bright spurting;
it does not sppear to be explosivee

This worl, together vwith our work on unseturated hydrocarbons
emphasizes the fact that the insolubility of a metal salt im an
orgenic liquid is no evidence thut the selt: end the liguid will

not form e comrlex urder slightly different conditions.

Dioxens and anhydrous silver perchlorate were both of "reagent"
grade. Silver anslyses were by conveniional thiocysnate titra-
fion; carbon, hydrogen enc chlorine snalyses were by Dr. A. Eleke

Propsretion of poudsred complex. - Silver perchlorate (1.81 g.),

dioxane (10 ml.) ard vater (0.05 ml.) weve shaken togsiher at 25°
for 5 days. Filirstion ylelded 4.42 g. of whitse pouder. Adhering

dioxane wgs removad by pumping to § mme marcury for 1 min. The
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product weighed 4.10 g.,'and evacuation for enother minute ra-
sulted in the fursher loes of only 0.0l ge
anale = Ag, 23.0, 23.1; C, 30.1; H, 5.14; C1, 8.57 %
3(04380:3’ hgCl0, requires: Ag, 22.9; C, 30.6; H, 5.10; Cl, 7.52%.

Preperation of crystalline complax.- Silver perchlorate (2.2 g.),
dioxane (15 ml.) -and acetone (15 ml.) were vwarmed uantil the solid
had dissolved, end then cooled to room temperature. The resulting
crystals vwere filtered off, washed with dioxane, and freed from
excess dioxane by a current of dry air: yield 3.4 g.

Anal. - Ag, 23.0; 23.1; C, 29.9; H, 5.13; Cl1, 7.607.

Fecovery of dioxane from complex. - 4 vwide, inverted U-tube, con=-
nected to & high-vecuum 1ine via a stopcock, connected the flask
conteining the crystalline complex (3.25 z.) with the receiver.
High-vacuum distillation from the flask at 70° to the receiver
cooled in liquid nitrogen yielded, after 3 hours, 1.85 g. of color~
less liquid. A& negligible amount collected afisr & further 45
mins. The distillate was trected with scdium until the slight ef-
fervescence had ceased, and re-distilled in the sema apparotus.

The distillate hed (n)°2 1.4198; m. po 11.3°: dioxane has (n)zg
1.4201 (C. H. Schneider and C. C. Lynch, J. Am. Chem. Soc., 65,
1063 (1943)), and mep» 11.6° (J. Gillis end A. Delsunois, Fece.
trav. chim., 53, 186 (1924)).

Solubility of silver perchlorate in Aioxene. - Silver perchlor=-

ate (ca. 1 g.), conteined in a glass tube integral with a vecuunm

~ system, was dried by avacustiion to 10"'3 min. mercury pressure for
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18 hours. Dioxane (10 ml.), dried over sodium, was distilled
through the vacuum system directily on to the silver perchlorate,
and the tute then sealed and rarmoved from the systems The tube
and contents were left to stand at room temperature (25° hd 5°),
with occasional shaking, for 20 dayse The tube was then opened
and 5 ml. of the supernatant ligquid ramoved. This was evepor-
ated to dryness under vacuum, the residus diesolved in water

{2 ml.) and hydrochloric acid (2 ml. of 0.1 N) added: the solu-

tion remained quite clesro

THD ED
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